OBJECTIVE: To investigate trends in body mass index (BMI) and prevalence of obesity among adults in Finland from 1982 to 1997, and to identify population groups with increasing obesity. SUBJECTS: Random samples from the national population register including men and women aged 25 ± 64 y (n 24604, total). DESIGN: Four cross-sectional surveys carried out in three areas in Finland every ®fth year since 1982. MEASUREMENTS: Weight and height were measured, and data on occupation and education level were collected by a self-administered questionnaire. RESULTS: The mean BMI increased in both genders. In men, the upward trend was greatest (the increase of 1.3 kgam 2 in 15 y) in the oldest age group (55 ± 64 y), and was found also (the increase of 0.6 kgam 2 ) in the youngest age group (25 ± 34 y), whereas in women, the upward trend was most prominent (the increase of 0.9 kgam 2 ) in the youngest age group. BMI increased in all educational groups in men, but in women the upward trend seemed to be greatest in the lowest educational group. The upward trends were most prominent among retired and unemployed men, while in women changes in BMI were similar in all occupational groups. CONCLUSION: The strongest upward trend in BMI was found in the oldest men, in the youngest age group in both genders and, in particular, among men who were outside the labor force. Education is still a strong determinant of obesity, especially in women, although the social gradient in BMI has not widened in the 1990s.
Introduction
Obesity has wide-reaching medical, social and economical consequences. 1 In addition to increased risk of several diseases, obesity is associated with physical impairment and reduced mobility, 2, 3 as well as early retirement and more frequent sick leave. 4 Individuals who were overweight in adolescence have been found to complete fewer years of education, and to be less likely to get married than those who were not overweight. 5 Furthermore, a high body mass index (BMI) has been shown to be associated with current unemployment and lower household incomes in women. 6 Based on the WHO MONICA study, obesity (de®ned as BMI greater than 30 kgam 2 ) is quite common in Europe. The prevalence of obesity has varied from 7% to 22% in men, and from 9% to 45% in women, the lowest ®gures being in Gothenburg, Sweden and the highest ®gures in Kaunas, Lithuania. 7 Finland has the most obese population when compared with the other Nordic countries (Denmark, Iceland, Norway and Sweden). 8, 9 In Eastern and Southern European countries, however, the situation is worse, especially in women. 9, 10 The prevalence of obesity has been stable or has increased in both genders during the last decade in Europe. 9, 10 The trends in BMI and the prevalence of obesity in Finland have been similar to those been reported elsewhere in Europe. 10 Reports from other surveys outside Europe also suggest similar trends.
11 ± 14 Weight and height in adults have been monitored in Eastern Finland since 1972. Population surveys have been carried out every ®fth year to assess the levels of cardiovascular disease risk factors, including BMI. Based on these surveys, the mean BMI increased in men from 1972 to 1992. This upward trend was strongest in men older than 40 y of age. In women, BMI decreased from 1972 to 1982, and then seemed to level off. However, the trend turned upward among poorly educated women. The trends were similar in all age groups in women. 15 The aim of this study was to investigate if these trends have continued until 1997 when the monitoring has been extended also to southwestern Finland. A further aim was to identify possible risk groups with undesirable trends in obesity.
Subjects and methods

Participants
The study population comprised four independent cross-sectional population surveys done in 1982, 1987, 1992 and 1997 in the national FINRISKstudy. 16 In 1982 and 1987, the surveys were carried out in three provinces in Finland. Two of these areas Ð North Karelia and Kuopio Ð are located in the eastern part of Finland, and one in the southwestern part including the city of Turku and its nearby rural communities. In 1992 and in 1997, the survey area was expanded. In this study, however, we used data from these three areas, since they were included in all four surveys.
For each survey, an independent random sample was drawn from the national population register including people from 25 to 64 y of age. The sample was strati®ed according to the WHO MONICA protocol, 17 in which at least 250 subjects in each sex, 10 -y age group, and area were chosen, altogether 2000 subjects in each area. The sample size was, however, to some extent bigger in 1982 and 1987. Of the total 31,279 men and women invited to participate in the surveys, 24,864 subjects responded. Because of missing data on weight or height, 260 subjects were excluded. Thus, the ®nal average participation rate was 79.5%. The ®nal number of participants and participation rates in each survey are shown in Table 1 .
Our data included some women who were pregnant during the survey. However, these subjects were not excluded from the analyses, since data on being pregnant were available only since 1987. We assume that the possible in¯uence of these pregnant women on the trends cannot be signi®cant, since the prevalence of pregnancy was quite constant (2 ± 3%) in 1987, 1992 and 1997.
Methods
Weight and height of participants were measured in a local health care center by trained nurses. Weight was measured with light clothes and without shoes to the nearest 100 g. Height was measured to the nearest 0.5 cm. BMI was calculated as weight (kg) divided by the square of height (m 2 ). As suggested by the WHO report, 18 subjects with BMI from 25 to 30 kgam 2 were classi®ed as overweight, and subjects with BMI greater than 30 kgam 2 as obese. We also used 35 kgam 2 as a further cut-off point to describe the prevalence of more severe obesity.
Before arriving at the health care center, participants completed a self-administered questionnaire at home. This questionnaire covered questions on socioeconomic factors, medical history, health behavior, and psychosocial factors. Educational levels Ð measured as the total number of school years Ð were used in this study. Since educational level has improved in Finland and younger generations have a better opportunity to receive higher education, the subjects were divided into tertiles Ð low, middle and high Ð by education within each birth cohort separately for men and women. Occupation was separated into seven categories: farmer, blue collar worker, white collar worker, student, housewife, pensioner or unemployed.
Furthermore, the questionnaire included a question on the number of children less than 16 y of age living in the same household as the respondent. However, a question on parity was not posed to women until 1997. Thus, data on trends were available concerning child rearing rather than childbearing.
Statistical analyses
The data from the different areas were pooled together. Furthermore, the data from the four surveys were analyzed together, and the year of the survey was used as a factor in all analyses. Trends in mean BMI were tested by analysis of variance (ANOVA) using the generalized linear model (GLM) procedure of the SAS statistical package 19 with BMI as a dependent variable. Adjustment for area was performed in all analyses, since although the differences in BMI between the areas were minor, the educational level varied across the areas. The analyses were adjusted also for age, when the overall trends in BMI and trends by occupation were investigated. Analyses concerning trends by education were not adjusted for age, since age already had been taken into account when creating the variable. As the mean height of Finnish adults increased during the study years, all the analyses were done both adjusting and unadjusting for height. However, since none of the results changed, height was not included in the ®nal models. The adjusted mean BMI values were obtained by using the LSMEANS (least-squares means) option.
Tests for trends in the mean BMI were carried out using two models. In the ®rst model, after adjusting for the variables mentioned above, year and the factor of interest (age, education or occupation) were included in the model to examine the main effects of the factors. Then, in the second model, an interaction term, year by the factor of interest, was added in order to see if there were differences in trends between subgroups. Analyses were carried out separately for men and women except when testing if the phenomena were similar in both genders. These tests were done by including sex in addition to the variables described above as an independent variable in the models, and by adding an interaction term sex by the factor of interest, or by the interaction of interest.
Log ± linear models were used to determine how prevalence of obesity (BMI b 30 kgam 2 ) changed in different age groups, and educational groups during the study years. Models with the variable of being obese or not as a dependent variable, and area, year and age or education with relevant interaction terms as independent variables were examined by using GENMOD procedure. 20 
Results
The mean BMI increased from 26.4 to 27.0 kgam 2 (P`0.001) in men from 1982 to 1997 (Table 2 ). This increase is equivalent to an increase of 4.5 kg in weight. The upward trend was greatest in the oldest age group (55 ± 64 y), the increase in the mean BMI being 1.3 kgam 2 between 1982 and 1997 ( Figure 1a , Table 2 ). Furthermore, the mean BMI increased in the youngest age group (25 ± 34 y) by 0.6 kgam 2 , whereas few changes occurred in other age groups.
A signi®cant increase in the mean BMI was observed also in women: from 25.9 to 26.2 kgam 2 , 3.2 kg (P`0.001; Table 2 ). Changes in BMI varied across age groups in women, but changes by age differed from those in men (interaction sex by age by year: P`0.001). In women, the most prominent increase took place in the youngest age group (25 ± 34 y, Figure 1b , Table 2 ). In this age group, BMI increased by 0.9 kgam 2 in 15 y, while in the oldest age group the mean BMI in 1997 was the same as that in 1982.
The prevalence of obesity (BMI b 30 kgam 2 ) increased in men from 15.4 to 19.8% in 15 y Table 3 ). In the youngest age group, the proportion of those with BMI greater than 30 kgam 2 increased from 7.4% in 1982 to 8.6% in 1997 in men, and from 4.2% to 7.7% in women, respectively. In the oldest men this proportion changed from 20.4 to 31.7%. Furthermore, during the same period, the proportion of subjects with BMI greater than 35 kgam 2 increased from 2.2 to 4.5% in men, and from 4.7 to 6.6% in women.
The mean BMI varied across the educational groups (P`0.001) in both genders, being the lowest among those with the highest education ( Figure 2 ). In men, the upward trend in BMI was observed in all educational groups from 1982 to 1997, whereas in women, the upward trend was greatest in the lowest educational group. Furthermore, differences between educational groups were wider in women compared to men (interaction sex by education: P`0.001), the mean BMI being in women with the lowest level of education 1.5 kgam 2 greater than in women with the highest level of education in 1997. However, since the upward trend in the lowest educational group seemed to have taken place only in the 1980s, the social gradient did not widen in the 1990s.
Body mass index categories by education from 1982 to 1997 are presented in Table 4 . The prevalence of obesity (BMI b 30 kgam 2 ) varied across educational groups both in men (the main effect of education: P`0.001) and in women (P`0.001), being highest among the less educated subjects. However, this gradient did not grow any wider in men (interaction year by education: P 0.996), nor in women (P 0.127). As in the mean BMI, the social gradient was wider in women compared to men (interaction sex by education: P 0.007). The prevalence of those with BMI greater than 35 kgam 2 was almost three times larger (9.1%) among the less educated women compared to women with the highest education (3.7%).
The mean BMI differed also by occupation both in men (P 0.021) and women (P`0.001; Figure 3 ). Differences in trends between occupational groups were seen in men but not in women. The upward 
Discussion
All four surveys were carried out with the same, comprehensive study protocol by specially trained staff. Furthermore, the data were collected at the same time of the year, during January ± March in each survey. Thus, the trends observed based on these data can be considered quite reliable. However, it should be kept in mind that the samples were not nationally representative but included data only from three areas in Finland. Nevertheless, we assume that trends seen in this study describe quite well the situation in Finland from 1982 to 1997, since at least in the 1970s, the same trends in BMI were seen based on data from Eastern Finland 15 and a Finnish follow-up study carried out by the Social Insurance Institution, which better covered the whole country. 21 Furthermore, we carried out all the analyses both with and without adjustment for area, and we observed no changes in the results.
We found an upward trend in the mean BMI and prevalence of obesity both in men and in women from 1982 to 1997. Similar trends have been reported also in other European countries: Sweden, 22, 23 The Netherlands, 24 Germany, 25 Spain 26 and Belgium. 27 The shifts in our study, however, were not as steep as in the UK, where the prevalence of obesity has doubled from 1980 to 1994. 28 The prevalence of obesity in Finland (20%) is high compared to the other Nordic countries in the 1980s. 7 However, the prevalence of obesity in Finnish men is similar to other countries in Europe, whereas in Finnish women the prevalence is much lower than in women living in Eastern Europe. 9, 29 One of the most important ®ndings was that the prevalence of those with BMI greater than 35 kgam 2 increased markedly in the 15 y, being 4.5% in men and 6.6% in women in 1997. These ®gures are almost the same as in Caucasian men (aged 20 ± 74) in the United States (5.4%), but somewhat lower than in women (9.8%).
14 However, even the subjects with milder obesity carry a considerable amount of extra ) corresponds a weight difference of 3.1 kg for a man of average height (175 cm), and 2.6 kg for a woman of average height (161 cm).
The strongest upward trend in BMI and the prevalence of obesity was found in the oldest men, and in the youngest age group in both genders. Our ®ndings were partly in agreement with trends seen in Germany and the Netherlands, where the gain in BMI was strongest in the youngest (aged 25 ± 29 in Germany, 20 ± 29 in the Netherlands) and the oldest (aged 60 ± 69 and 50 ± 59, respectively) age group in both genders. 24, 25 Based on self-reported weight and height, the greatest increase among Swedes occurred in the 25 ± 34 y age group. 22, 23 In the United States, however, the trends have been generally consistent over all age groups. 14 Since these analyses are based on cross-sectional data, the increasing BMI in the youngest age group and in the oldest men could be at least partly a cohort effect. However, there have been changes in the Finnish society that have had an impact on family planning practices and possibilities of staying in the labor force.
The increased BMI in the youngest women could possibly be associated with increased parity, since childbearing has been suggested to be an important contributor to the development of obesity. 30 ± 32 Brown et al 31 and Williamson et al 33 found after controlling for ageing that women with at least three live births had a higher mean weight than women with fewer live births. In our study, however, we could not investigate the relationships between BMI and childbearing, since data on parity were not available. Based on the population statistics, the proportion of families with three children or more (aged less than 17) has increased from 11% in 1982 34 to 18% in 1997. 35 These trends may offer an explanation not only for the weight gain of the youngest women, but also for the increase of young men's BMI, since parity may increase weight gain also among male spouses, as suggested by Rona and Morris. 36 Family policy in Finland is well-developed, facilitating combining work and home lives, and enhancing gender equality. 37 This development started in the mid 1970s, since when mothers have been entitled to a maternity allowance followed by an entitlement to parenthood allowance, which nowadays is paid for 263 work days. 37, 38 Furthermore, since 1985, parents have been able to take a child care leave with full employment security, but without salary, to look after a child until the child is 3 y of age. 39 These bene®ts have made it possible for young parents to spend more time at home with their children. This may, however, promote the effect of parity-induced weight gain, since as shown in the results of a Swedish study, 40 those mothers who returned to work soon after pregnancy retained less weight than women who stayed home. Furthermore, Wolfe et al 41 have suggested that being employed appears to decrease weight gain after two or more child births. They have introduced two explanations for the effect of employment on weight: ®rstly, employed women could be more concerned with body image, and secondly, energy expenditure at work or the structured lifestyle that employment imposes may have in¯uence on energy balance. Although in our study, no signi®cant differences (P 0.07) in trends between occupational groups were seen in women, the observed increase of 1.3 kgam 2 in mean BMI from 1982 to 1997 among housewives could not be ignored. This was the greatest observed value in change of BMI of the occupational groups in women, suggesting that staying at home may be a risk for gaining weight also in Finland.
One explanation for the age-speci®c upward trends, particularly in men, could also be an increased unemployment rate, since loss of employment has been shown to be associated with an increased likelihood of gaining weight. 42 In Finland the unemployment rate increased from 5% in 1982 to 13% in 1992, reaching its peak of almost 19% in 1994. 43 In our data, the proportion of those without work increased in 15 y from 2 to 15% among the youngest men, and from 2 to 12% among the youngest women. Furthermore, this insecurity in the labor market and an increased threat of losing one's job could have had some in¯uence on the weight gain among young male workers, since a high level of stress has been found to be a predictor of weight gain in younger men. 44 Lack of the structured lifestyle imposed by employment could have an impact on the increase in BMI also among older men. In addition to the increased unemployment rate, the number of unemployment pension bene®ciaries in Finland doubled in 10 y, and the number of invalidity pension bene®ciaries also increased. 45 This is in accordance with our ®ndings showing that the prevalence of unemployment increased from 2% in 1982 to 12% in 1997 among the oldest men, and from 1% to 10% among the oldest women. During the same period, the proportion of retired subjects increased from 37% to 52% in men and from 36% to 54% in women.
The trends in BMI in the oldest men differed from the trends in the oldest women dramatically. In men, the most prominent upward trend took place in the oldest age group, whereas the BMI of the oldest women seemed to remain stable during the study years. More common retirement as well as unemployment seemed to have a very high impact on men's BMI, but no impact at all in women. Traditional gender roles could be one explanation for these differences. It may be more dif®cult for men to ®nd Trends in body mass index in Finland M Lahti-Koski et al alternative activities for occupational work than for women, who are used to working at home. 46 Furthermore, energy expenditure in occupational work is more likely to have been greater in men than in women. 47 Thus, retirement or unemployment may mean a greater change in energy expenditure in men than in women.
In af¯uent societies, obesity has been reported to be most prevalent in the lower socioeconomic classes. This social gradient has been found to be particularly strong among women. 48 ± 50 This is constant with our ®ndings showing that the mean BMI was greatest among the poorly educated women. However, the social gradient has not widened since 1987. In men, the upward trend was observed in all educational groups. Furthermore, quite a large social gradient was observed in the prevalence of obesity in both genders, the most obese subjects being poorly educated women.
The decreasing response rate might have had some in¯uence on the results, since it could be assumed that the probability of nonparticipation in the survey could be bigger among the obese 51, 52 and those with low education. 52 The response rate has decreased, especially among men, and it could have diluted the differences between educational groups.
When interpreting the results of BMI changes in different occupational groups account should be taken of the variation in the size of the samples across the occupational groups. The number of students, for example, was about 50 in 1982 whereas the number of blue collar workers exceeded 1500. Overall, these data are not well suited to describing obesity among students, since most of the students in Finland are under 25 y of age. Furthermore, the subjects were not similarly distributed to each occupational group throughout the study years. The number of farmers decreased in 15 y, while the number of unemployed and retired increased. It could also be argued that some misclassi®cation may have happened because of unsteadiness at labor market: those classi®ed as housewives or students could have been classi®ed as unemployed as well, since the increasing unemployment has made subjects stay at home with their children or re-educate themselves.
Physical activity, diet, alcohol consumption and smoking habits have been suggested to be determinants of overweight and obesity. 10, 49 In Finland leisure-time physical activity increased from 1982 to 1992, but it could not counterbalance the decreased energy expenditure during work. Moreover, the reported daily energy intake decreased during the same period, although a part of the decrease could be explained by underreporting. 47 Several changes in the Finnish diet have been favorable: fat intake has decreased, and fruit and vegetable consumption has increased during the last 20 y. 53 However, alcohol consumption has increased both in men and in women. 54 Smoking prevalence has declined in men, but it increased in women until the early 1990s and then leveled off or declined sightly. 16 Further research on these behavioral factors as well as other sociocultural factors explaining our ®ndings is currently underway.
In conclusion, BMI and prevalence of obesity are increasing among adults in Finland, especially among the oldest men, as well as among the youngest men and women. The most obvious risk groups were retired and unemployed men, while no particular occupational groups with undesirable trends in obesity could be identi®ed among women. Thus, staying at home seems to be an important determinant of BMI, particularly in men. However, education is still a strong determinant of obesity especially in women, although the social gradient has not grown any wider in the 1990s.
